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^ (54) TItie: VOIATILE NOBLE METAL ORGANOMBTALLIC COMPLEXES 

m 

^ (57) Abstract: A series of noble metal organometallic complexes of the general formula (Q: ML«Xb(FBC)c wherein M is a noble 
metal such as iridium, luthenium or osmium, and L is a neutral Hgand such as carbon^i, alkene or diene; X is an anionic ligand such 

S as chloride, bromide, iodide and trifluoroacetate group; and FBC is a fluorinaled bidentate chelate ligand such as beta diketonate, 
beta-ketoiminate, andno-alcoholate and amino-alcoholate ligand, wherein a is an integer of fix>m zero (0) to thiee (3), b is an integer 

2 of from zero (0) to one (1) and c is an 10 integer of from one (1) to three (3). The resulting noble metal complexes possess enhanced 
volatility and thermal stability characteristics, and are suitable for chemical vapor deposition(CVD) applications. The oonesponding 
noble metal complex is formed by treatment of the FBC ligand with a less volatile metal halide. Also disclosed are CVD methods 
for using the noble metal complexes as source reagents for deposition of noble metal-containing films such as Ir, Ru and Os, or even 
metal oxide film materials IrOi, OsOz and RuO^ 
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VOLATILE NOBLE METAL OR6ANOMETALLIC COMPLEXES 
BACKGROUND OF THE INVENTION 

5 

Field of the Xhvention 

The present invention relates to a series of novel volatile noble metal organometallic 
complexes^ and to a method for the preparation thereof. Such complexes are particularly 
10 useful as chemical vapor deposition (CVD) precursors for formation of noble metal- 
containing ttun films on substrate assemblies. 

Descriptioii of the Prior Art 

15 Chemical vapor deposition (hereafter indicated as "CVD**) is widely used for the 

deposition of noble metal-containing thin films on a variety of substrate assemblies. CVD is 
a particularly attractive method for forming thin film coatings in the semiconductor industries 
because it has the ability to readily control the composition of the thin film and to form a thin 
film layer without contamination of, or damage to the substrate assembly. CVD may also be 

20 applied to deposit the desired thin film into holes, trenches, and other stepped structures. In 
situations where conformal thin film deposition is required, CVD would also be a preferred 
method, since evaporation and sputtering techniques cannot be used to form a conformal thin- 
film layer. However, CVD processes require suitable source reagents that are suffici^y 
volatile to permit a rapid transport of their vapors into the CVD reactor. The source reagents, 

25 which may be called the precursors, should be relatively stable and inert against oxygen and 
moisture in air at room temperature to allow long-term storage. They also should decompose 
cleanly in die CVD reactor to deposit a high purity metal component at the desked growth 
tenoperature on the substrate assembly. 

30 . The tris-acetylacetonato and tris-allyl iridiumCm) complexes lr(acac)3 and Ir(C3H5)3 

are two commonly known CVD precursors, for which the conun^cially available Ir(acac)3 is 
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a better choice due to its excellent air stability- However the high melting point and low 
*^ volatility of ir(acac)3 has liioited its development as the industrial standard. In addition, other 
source reagents consist of IrCD metal conq>lexe5 such as Ir(COD)CM6Cp)» COD = 1 ,4- 
cyclooctadiene and MeCp = methylcyclopentadien)!, Ir(COD)(hfac), hfac = 
5 hexafluoroacetylacetonate. Ir(COD)(amak). amak = OC(C3'3)2CH2NMe2, Di(COD)(jl- 
0Me)]2, [Ir(COD)(|j,-OAc)32. OAc = acetate, and [Ir(CO)2(M'-SBu^)]2- For this femily of 
iridium CVD precursors, the monomeric metal complexes Ir(COD)(MeCp) and 
Ir(COD)(hfac) appear to be more useful for iridium deposition due to their enhanced volatility 
and vapor phase transport properties which are uncomplicated by monomer-dimer equilibria. 
10 The physical properties of these iridium CVD precursors are listed in Table 1. 

The chemical vapor deposition of osmium was achieved using the commercially 
available osmocene (CsKshPs^ osmium tetraoxide OSO4, or even the metal carbonyl 
complexes such as Os(CO)5, Os3(CO)i2i Os(CO)4(hfb), where hfb = hexafluoro-2-butyne, and 

15 the tailor-made precursor complexes Os(CO)42, Os(CO)3(tfa)(hfac), tfe = trifluoroacetate, 
and even [Os(CO)3(hQ)z)]2, hfyz = 3,5-bis(trifluoioniethyl) pyrazolate. Osmium-containing 
thin films with reasonable purity wero obtaiaed in most of these studies; however, the usage 
of these source reagents has encountered difficulties such as the greater toxicity for O5O4, 
poor thermal stability for Os(CO)3, and lower gas phase transportation capability for the 

20 osmocene complex QC^shOs and polynuclear metal conq)lex Os3(CO)i2. 

Moreover, the known ruthenium CVD precursor con^lexes include ruthenocene, 
Ru(CsH5)2, and its alkyl substituted complexes, such as RuCCsBUEt)!, carbonyl complexes, 
such as Ru(CO)4(hfb), hfb = hexafluoro-2-butyne, Ru(CO)2(hfac)2 and Ru3(CO)i2; tris-^- 
25 diketonate complexes, such as Ru(acac)3, Ru(tfac)3 and Ru(tmhd)3; and organometallic olefin 
complexes, such as bis(2,4-dimethylpentadienyl)rathemum, bis(2,4- 

dimethyloxapentadienyl)ruthenium, Ru('n^-C6H6)('n'*-C6H8). C^s = 1,3-cyclohexadiene, and 
Ru(COD)(C3H5)2, COD = 1,5-cyclooctadiene. Selected physical properties of these known 
osmium and rothenium organometallic reagents are listed in Table 2. 

30 
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V Accordingly, there is a continuing need for highly volatile and relatively air and 
* thennaUy stable CVD source reagents for various CVD applications, such as the formation of 
bottom electrodes, difEosion banders, conductors, superconductors, dielectrics, capacitors, 
protective coatings and catalytic metal alloy films. More specifically, the iridium as well as 

5 the ruthaiium source materials ate becoming important for fabricating metallic iridium and 
ruthenium, iridium ojude (JiOz) and ruthenium oxide (RuOa) that have recentty gained 
interest for use as bottom electrodes in both dynamic random access memories (DFAMs) and 
for fenoelectric-based memory devices (FRAMs), which incorporate peiovsldte metal oxides 
as the alitor layer. Such perovskite dielectric materials include SBT. BST, PZT, PLZT, 
10 etc., wherein SBT = strontium bismuth tantaUte. BST = barium strontium titanate, PZT = lead 
zirconium titanate and PLZT = lead lanthanum zirconium titanate. The practical advantages 
of iridium and rutheniuin based matraials over other electrode materials include ease of 
deposition, good adhesion to Si wafer, die abiUty to form a stable conducting oxide at high 
temperatures in an oxidizing environment, and tiie ability to operate at high temperatures in a 

15 working device. On tiie odier hand, osmium CVD source reagents may find appUcation in 
replacing the relatively less stable source reagent Os(CO)5 or tiie highly toxic compound 
Os04 for making tiie osmium-coated thermionic cathodes and abrasive-resistant osnuum 
bard-coatings. 

' 20 Generally spealdng, CVD of these metal-containing tiiin film coatings has been 

Ihnited due to a variety of reasons, mcluding formation of poor fibn quality, requiring of high 
processing tenqjeratures, lack of suitable precursor compounds, and instability of the 
precursors used in tiie deposition systems. The availability of suitable precursors witii 
mod^ate volatility and stability ^ears to be flw greatest limiting factors in the CVD 
25 appUcations, as ti»e poor stability against heat and moisture makes tiiem difficult to stwe and 
handle, yields inferior thin film coatings and creates serious contamination at the as-deposited 
thin films in production-scale operations. 

It is tiierefi»e an object of the presort invention to provide suitable novel CVD 
30 precursors tiiat are am»iable to use m tiie chemical vapor deposition of noble metal- 
containing fikns. 
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Based on ttie need for these noble metal-containing coatings, the prior art has sought 
to provide new design for the suitable CVD precursois and continued to seek hnprovements 
in their basic physical properties that are advantageous for integration wiBi current CVD 
5 technology. 

It is another object of the present invention is to provide a simplified CVD method for 
forming a noble metal-containing film on a substrate assembly utilizing these newly prepared 
precursors. Other objects, features, and advantages will be more fiiUy apparent from the 
1 0 ensuing disclosure and sqppended claims. 



4 



wo 03/040150 

Table 1. Selected physical properties of kBown iridium CVD precursors 



PCT/CA02/01721 



Confound 


MP. C*C) 


CVD Td CC) 


Subliination Condition - 


References 


]T(acac)3 




300-400»C 


subl. at 180-200"C 


(a) 


Ir(C3Hs)3 


dec. at 65*^ 


100°C 


subL at 50°C/15toir 


(b) 


Ir(COD)(MeCp) 




270-35(yC 


subLat95''C/0.05toir 


(c) and (d) 


lr(COD)(hfac) 


120»C 


250-400»C 


subL at 60°C/0.05toiT 


(e) 


Ir(CODXamak) 


UTC 


350"C 


sabl.atS0<'C/0.2toiT 


(f) 


• [1i(CODXP^ 


135»C 


250»C 


SDbL at 125*ao.07toiT 


(c) 


OAc)]2 










[WCOWM^Bu')], 


128''C; dec. 160°C 


150-45(y»C 


sabL at 80-140°C/0.1toir 


(f) 



Abbreviations: Td = dqwsition ten^erature. acac = ac^lacetonate, CsHs = allyl, MeC^ = 
5 methylcyclopentadienyl, hfac - hexafhioroacelylacetonate, amak = OC(CIS):[PHiNMe2, COD = 1,5- 
cyclooctadirae, OAc — acetate. 



(a) Sun, Y.-M.; Bndle, J. P.; Smith, K.; Whaley. S.; Mahaffy. lU Efcradt, J. Q.; WMte. J. M.; Hance, 
R. L. Han Solid Films 1999, 346, 100. (b) Kaesz, H. D.; Williams. R. S.; Hicks, R. R; Zink, J. L; 

10 Cheai. Y.-J.; Miiller. H.-J.; Xue, Z.; Xn, D.; Shuh, D. K.; Kim, Y. K. New. J. Chem. 1990, 24, 527. 
(c) Hoke, J. B.; Stem, E. W.; Murray, H. H. /. Mater. Chem. 1991, i, 551. Sun, Y.-M.; Yaa, X.- 
M.; Mettiach, N.; Endle, J. P.; Kitsch, P. D4 Bkuxlt, J. G.; Madfankar, S.; Hance, R. L.; White, J. M. 
/. Vac. Sci TechnoL 2000, 18, 10. (e) Xu, C; Bamn, T. H.; Rhdngold. A. L. Ckem. Mater. 1998, 10, 
2329. (f) Chai, Y.-L.; Lm, C.-S.; Chi, Y.; Catty. A. J.; Praog, S.-M.; Lee, G.-H. Chem. Vap. 

15 Deposition 2002, 8, 17. (g) Setjf, P.; Peoier, R.; Kaldc, P.; Gomes, H.; Faria, J. L,; Hgueiiedo, J. L. 
Chem. Vap. D^osiHon 2001, 7, 59. 
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Table 2. Relevant physical properties of selective known osmium and ruthenium CVD 
' precursors 



Conroound 




CVD Td rC) 


Relative volatility 


References 


Osmocetie 


194-198 


350-500^ 




(a) 


OS3(CO)j2 






vftnnrimd at 50*'C 




Os(CO)4Club} 




OULrC 


CTiW at 25^C/0 OStoir 


fc) 


Os(CU)4l2 






subl at 55^C/0.4Ston: 


(d) 


Os(CO)3(tra)(Mac) 


153— 15 DC 




iaihl flt 55**C/0 45tDrr 


(d) 


[Os(CO)3(tiipz;j2 






vnnnri7Af1 At 1 1 0^C 

YCIUwJIJ>^mu Oil* X J.W 


(e) 


Ruthenocene 




ZZ5— 5UU 


van nT(i>CGiirA 0 Oltftrf Bt. 

VgLL/« VaVX WX& Iw 


f a> and f fi 








85"C 




RU3(CO),2 


150 dec. 


150-175X 


v^ori2ed at SO'*C 


Cb) 


Ru(CO)4(hfb) 




200-500°C 


subl.at25''C/0.05torr 


(c) 


Ru(tinhd)3 


210-213 


250-600^C 


subL at llD'aO-Storr 


(g) 


Ru(COD)(C3H5)2 




SOC'C 


vaporized at TS^C 


(h) 


Ru(CO)20tfac) 


55-.75'>C 


400^C 


vaporized at 50»C 


(i) 


Ra04 


27^C 


15(>-220**C 


b.p. = 129*C 


highly toxic. Q) 



Abbreviation: Td = dqwsition temperatiue. hfb = hexafluoio-2-bu^e, tfe = trifhiotoacetate, hfec = 
5 hexafbioroacetsrlacetonate. h^ = 3>-bis(trifluoioiiiethyl) pytazolate, tmhd = 2,2,6.6-t^raiiiethyl- 
3^-heptaiiedionate, CsHs = ally! and COD = l^-cycloo(«adieiie. 

(a) Smart, C. J.; Gulhari. A.; R^olds. S. K. Mater. Res. Soc. Synv- Proc. 1995, 363, 207, (b) Boyd, 

E. P.; Ketchum, D. R.; Deng. H.; Shore, S. G- Chenu Mater. 1997, P, 1 154. (c) Senzaki, Y.; 

Gladfelter, W. L.; McCotmick, F. B. Chetn. Mater. 1993, J, 1715. (d) Yu, R-L.; Chi, Y.; Liu, C.-S.; 
10 Peng, S.-M.; Lee, G.-H. Chem. \ap. Deposition 2001. 7, 245. (e) Chi, Y.; Yu, H.-L.; Ching, W.-L.; 

Liu. C.-S.; Chen. Y.-L.; Chou, T.-Y.; Peng, S.-M.; Lee, G.-H. /. Mater. Chem. 2002. 12, 1363. (f) 

Paiic S.-B.; Kim. H.-M.: Kim, K.-B.; Min. S.-R J. Electrochem. Soc. 2000. 147, 203. (g) Vettone, J.; 

Foster, C. M.; Bai, G.-R.; Wang, A.; Patel, J.; Wu, X. Mater. Res. 1998. 13, 2281. (h) Baueca. D.; 

Buchberger, A.; Daolio. S.; Depero, L. E.; Fabrizio, M.; Morandini, F.; Rizzi, G. A.; Sangaletti, L.; 
15 Tondello, E. Langmuir 1999, 15. 4537. (i) Lee, F.-J.; Chi, Y.; Hsu, P.-F.; Chou, T.-Y.; Liu. C.-S.; 

Pen& S.-M.; Lee, G.-H. Chem. Vap. Deposition 2001, 7, 99. (j) Sankar, J.; Sham. T. K.; Puddephatt, 

R. J. /. Mater. Chem.. 1999. 9. 2439. 
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SUMMARY OF THE INVENTION 

Aoooiding to on© aspetit of the invention w© pfOvide» a novel noble metal organometallic 
complex of goieral fonnula (I): 

5 

[MUXbCFBQc] 0) 

wherdn M is a noble m^; L is a neutral ligand sdeoted fion fbs gpsap consisting of 
caibonyi, alkene, diene and derivatives of aUcmes and dienes additionally containing alkyl or 

10 fluoiinated allq4 sabstitu«its; X is an anionic ligand sodi as diloiide, bromide, iodide and 
trifluoioaoetate gronp; wherein a is an int^er of ftom zax> (0) to tJiree (3), b is an int^er of 
fiom zero (0) to one (1) and o is an integer of ftom one (1) to three (3); FBC ligand is a 
fluorinated bid«itate chelate ligand such as a beta-diketonate (FBCl), beta-ketoinainate 
^C2), imino-alcoholate (FBC3) and amino-alcoholate (FBC4) having the structural formula 

IS mdicated below: 




(FBC3) (FBC4) 
wherwn R is a C1-C4 alkyl group sodi as mefliji and t-bulyl, or trifluoromeflxj* ; R' is a Cl- 
C6 alkyl group e.g. methyl, ethyl, allj^ n-propj^ i-piop3^ n-butjd and i-butyl. which may be 
substituted by a C1-C4 aUa>xy ffxi^ and whemn FBC4, <aie of flie R^ groups may be H . 

20 

lit will be appreciated by those skilled in the art tha^ having established by exan^le 
lhat the nitrogen atom of the FBC4 ligand requires two R' groups to fulfill its trivalent 
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stractuie, ttiat one of the groups can be replaced by a hydrogen atom, because of the 
* similar chemical behavior between hydrogen atoms and allqd substituents in this systenL 

The noble metal is preferably iridium, ratii^iium or osmium* 

5 

According to another a^ect of the invention, we provide a method for making a novel 
noble metal organometallic conqdex of general formula (I), comprising (a) reacting the 
respective FBC ligand with a suitable metal hydride e.g. sodium hydride, followed by (b) 
treatment of the product so formed with a metal halide salt of the desired metal. 

10 

The preferred metal halide salts include [Ir(COD)(ti-Cl)]2, COD = l,5.cyclooctadiene, 
[Os(CO)30i-X)]2. X = CF3CO2. a. Br and I, [Ru(C0D)Cl2], and [Ru(NBD)Cl2];,. COD = 1> 
cyclooctadirae and NBD = 2,S-norbomadien6. 

15 The FBC ligands are characterized in diat they are highly fluorinated and contain 

oxygen or nitrogen donor atoms. Despite the obvious difference in their stractural design, 
this class of ligand can be covalently coordinated to die central metal atom to form ttie stable 
chelate interaction. The ligand fragment "(FBCl)" represents the typical fluorinated beta- 
diketonate group, wherein R is a C1-C4 alkyl group e.g. methyl, t-butjd. or trifluoromethyl ; 

20 R^ is a C1-C6 alkyl group e.g. methyl, ethyl, allyl, n-propyl, i-propyl. n-butyl and i-butyl, or 
2-methoxyethyL The second Hgand fragment "(FBC2)" represents the beta-ketoi^ 
fragment which can be prepared from the reaction of neutral (BFCl)H with an organic amine 
H2NR* in the presence of a solid acid catalyst such as montmorillonite KIO. The third and 
the fourth ligand group "(BFC3)" and "(BFC4)" belong to anew class of fluoroalcohol 

25 molecules with a pendant amine that can bend back and forming a strong dative iateraction tp 
the central metal atom, and are prepared according to litearature methods. Moreover, because 
of the presence of at least one electronegative trifluoromethyl (CF3) substituent on each of the 
FBC ligands, the ligands as well as the resulting metal complexes are chemically stable and 
can be easily volatilized into the gas phase. It is well understood that the CPs substituents 

30 have the csqpability to reduce the Van der Waals interactions between individual molecules 
and hence lower the boiling or sublimation tempmture of the complex* 

8 
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Tie respective Ugands aie either purchased torn the conunendal s^^^ 
synthesized aaOTding to the Uterature procedures. 

5 In another aspect, the inventiou relates to the use of the novel noble iBctal 

organometamc con5,lex of the general forxnula Ml^^Qe 0) as a source reag^^ 
chenucalvapordeposition(CVD)appUcations. Thus, the noble metal complex is charged mto 
a source reservoir of a CVD reactor to deposit the noble metal-containing thin-fflm on a 

substrate assembly. 

in,coordancewi<hlhetav«tton,*eiridium,mtt«mumOT<K^ 
„«erial is foa«d on fl» sub.»a» by dating .n, one of ftc oovd iridian. rAauma or 
oato souKe reagents of formula I under an toe« atmosphere, soch as He or Ar. or m 
fteprea^^eofred^^mgcariergassuohasH. Tl«resal«ng Iridium. ,»±a*nn or c«m»m 
15 u«.m.ybeoo.verttdK,IrO.Ru0.orOsChtUnmminanoxygenWning«mos^ 
atfteeleva^dtemperamre. B.am=emanner,d«I.O„R„0,orOsO,.hinfitom«ed.lmay 
p^pared by depositing da« on. of *e iridium, rutoenium or osnton source reagenB on 
tosd»l.a»und=rlheo:r,ge«ontainln,«mosphe.eorundertlieconditionw 

oxygen-contaming plasma is applied. 

20 . 

Such chemical vapor deposition conditions may advantageously comprise the 
p^ce of the gaseous co-reagent or carrier gas commonlyutilized in CVD a^^^^^^ 
For example, the employment of an inert gas atmosphere oraslow stream of inert c^^^^ 
sochasN.HeandMoraredudngcarriergassuchasH.fevorstheformationofpure 

25 iridium.rutheaiumandosmiumthinfihmons«bstrates.Ontheotherhand,theint^^^^^^ 
of highconcentrations of an oxygen-containh^ atmosphere or oxidizing 
O. orN.Omayleadtothefom^tionofIryir0.mixture.Ru/Ru0.mixture.Os/OsO. 
orevenMghpurityIrO..RuO. or OsOafflmsatabigher deposition temperature, or upon 
increasing thedeposition time as wen as the partialpressure of theoxidizingc^ 



30 
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BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 is a tistee-dimeasional ilinstration of an iridimh coinplex [b(CX>)2CFBC4)] according 
to the 3nventioI^ 

. Figure 2 is a fliree-dimensional iUnstration of a rufliemum complex |lluQ^D)CPBCl)2] vrifli 
only two (FBQ ligands; 

Figure 3 is a tfaree-dimensioiial iltustration of a rofhenitmi ccnnplex [Ru(FBC2)3] s}K)wing 
tibree (FBC2) ligands; and 

Figure 4 is a three-dimensional illustration of an osminm complex [Os(CO)3l(PBCl)] 
according to the invention* 

DETAILED DESCRIPTION OF THE INVENTION 

A. Mdiiim Precursors 

In the present invention, neutral iridium [oecursors are diosen fixnn a general class of 
compound of formnkOO (DQ and (IV): 

[frLa(FBC2)) (H), [IrLa(FBC3)] (HI) and [ItU(EBC4)] (IV) 
herein L is a neutral ligand selected fiom the group consisting of carbonyly alkene^ diene or 
derivatives of alkraes and dienes additionally containing at least one alk^ or fluorinated alkyl 
substitaent; a is an integer of one or two, dq)ending on the donor bonding of the selected 
ligand; FBC2 ligand is a fluorinated bidentate chelate ligand such as a beta-ketoinunate^ 
imino-alcoholate (FBC3) and amino-alcoholate (FBC4) having &e structural fbmiula 
indicated below: 



10 
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(FBC2) (PBC3) (FBC4) 

wherdn R is C1-C4 alkyl. eg. methyl or t-butyl. or trifluoromethyl; is C1-C6 alkyl eg. 
n^f^yi, ethyl. aUyl. n-propyl, i-propyl. n-butyl or i-butyl. which may he substitated by a CI- 
C4alkoxy group e.g a-metboxyethyl. and wherein FBC4, one of the R' gro,q« may be H. 

It wiU be appreciated by fliose skilled in the art that, having established by example 
that the nitrogen atom of the FBC4 Ugand requires two R^ groups to fulfill its trival«it 
structure, we can substitute one of the R^ groups by a hydrogen atom, because of the smular 
chemical behavior between a hydrogen atom and an alkyl substituent in fliis system. 



Broadly, iridium complexes of formula (ID. (ID) and (TV) may be prepared by the 
direct chloride exchange reaction as show in ecpiations [1]. [2] and [3]: 
Pr(COD)0J.-Cl)k + 2 (FBC2)Na ^ 2 [&(COD)(FBC2)] + 2 NaQ W 
I]r(COD)(H-a)l2 + 2 (FBC3)Na 2 [Ir(COD)(FBC3)l + 2 NaO [2] 
15 [WCOD)0i-a)]2 + 2 (FB04)Na -> 2 [Ir(COD)CFBC4)l + 2 NaQ [3] 

Thus, the neutral ligand "W of formula (ID. (ffl) and (IV) in this case is the COD 
Ugand. hi whidibolh of the alkene functional groups form strong bonding interactions to the 
central nidmm atom. In addition, subsequent treatment of [Ir(COD)(FBC2)]. 
20 [Ir(COD)(FBC3)] or [&(COD)(FBC4)] with carbon monoxide atmosphere at elevated 
temperature gives the coirespondmg CO substituted complex Dr(CO)2CFBC2)l. 
[Ir(CO)2(FBC3)] or [Ir(CO)2CPBC4)]. respectively; and tii^COD ligand is now replacedby 
two carbon monoxide Ugands; the stoichiometric transformation is indicated m the following 

equations [4]. [5] and [6]. 
25 ar(COD)(FBC2)]+2CO->2[&(CO)2(FBC2)] + COD W 

[Ir(COD)(EBC3)] + 2CO-»2[Ir(CO)2(FBC3)] + COD [5] 
[Ir(COD)(FBC4)] + 2 CO ^ 2 (Ir(CO)2(FBC4)] + COD 
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As a result, the nOTtral ligand '^L" of fonnula (II), (DO) and (IV) represents a CO ligand 
and a is now two(2). Selected physical properties of tiiese iridium complexes are smmnaiized 
in Taible 3. It is ixn^rtant to note that tfiese iridiimi conq>lexes [lrLa^BC2)] (S), 

5 [lrLa(FBC3)] (ffl) and [IrLa(FBC4)3 (IV) are all relativdy stable at room tanparatore in air 
and can be handled in ihe absence of an inert atmosphere sudi as niirogen and argon* 
The ability to vary the substitaents on all tbree FBC ligands provides an ^cellent degree of 
control over both volatility and ttie depo sition parameters €ofr fb& respective CVD 
experiments. Moreov^, replacement of COD wtdi two cazbonyl ligands has substantially 

10 inoreased the volatiUty and stabiUty of these precuisorcompomi^^ Thos, thedioiceofthe 
"La" groups can also have a significant influence on their basic properties. 

A sin^e crystal X-ray difi&action study of compound [Ir(CO)2(FBC4)] with the 
substituents = Me was carried out, revealing the square planar arrangement of the iridium 
15 metal center alone with two ds-CO ligands and th6 corresponding fluorinated bidentate 
chelate ligand. The ORTEP representation of the molecular structure is shown in Figure 1 . 

Specifically, the molecular structure of the complex [If(CO)2(FBC4)] with R^ ^ Me; 
selected bond distances: Ir-Cl = L818 A, Ir-C2 = 1.838 A, LrOl « 1.990 A, Ir-Nl = 2.132A, 
20 selected bond angles: Cl-Ir-C2 = 88.73*. Cl-Ir-Ol = 177.06^ C2-Ir-01 = 94.07^ Cl-Ir-Nl = 
96.13^ C2-Ir-Nl = 175.13% Nl-Ir-Ol = 81.06% 

B. Ruthenium Precursors 

25 The identical syndietic strategy can be extended to a reaction usixig the ruthenium 

halide compound [RuLaCblx, and upon treatmmt with the re^>ective fluorinated ligand salt 
(FBCl)Na, (FBC4)Na and (FBC2)Na, the neutral ruthenium precursors of fonnula (V), (Vt) 
and CVD): 

30 [RuL«(FBCl)2] CV), [RuLa(FBC4)2] (VI) and [Ru(FBC2)33 (VII) 

are obtained in moderate yields; 
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wberem L is a neutral ligand sdected fiom the group consisting of a cycUc diene such as 
CX)D orNBD. or derivatives of acydic diene additionally containing at least one alkyl or 
fluotinated alkyl substituent; a is one or zero, depending on the (FBQ Ugand selected for the 
reactions; EBC Ugand is a fluorinated bidentate chelate Ugand such as beta-diketonate 
(FBCl). beta-ketoiminate (FBC2) and amino-alcoholate (PBC4) having structural formula 
indicated below: 



w "rr" 



(FBCl) (FBC2) (FBC4) 

Wherein R is a C1-C4 alkyl group e.g. methyl, t-butyl and trifluoromethyl ; R» is a C1-C6 
alkyl group e.g. methyl, ethyl, aUyl. n-propyl. i-propyl. 2-methoxyethyl. n-butyl and i-butyl . 
10 Moreover, it is important to note that the nitrogen atom of the aminoalcoholate Ugand CFBC4) 
requires at least one hydrogpn substituent; otherwise, no stable ruthenium product can be 
isolated. 

Using the ruthenium complex [Ru(COD)a2lx as an example to iUustrate the 
15 previously discussed procedure, the ruthenium metal complexes of general formulas (V). (VI) 
and (VD) may be obtained by adirect reaction as shown in the foUowing equations [7], [8] 

and [9]: 

\hi [Ru(COD)Cl2lx + 2 (FBCDNa -> [Ru(COD)(EBCl)2] + 2 NaCl m 

1/x [Ru(COD)a2]x + 2 (FBC4)Na -> [Ru(COD)(FBC4)2] + 2 NaCl [8] 

20 l/x[Ru(COD)a2lc + 3(FBC2)Na->[RuCFBC2)3] + COD + 3Naa [9] 

In addition, specific example of neutral Ugand "L" of formula (V) and (VI) in this case 
include COD or NBD. i.e. UKq^looctadiene or 2.5-norbomadiene. in which the aUcene C-C 
double bonds of the COD or NBD ligand are strongly coordinated to the ruthenium atom. 
25 while that of the formula (VIl) shows the co-existence of three fluorinated bidentate chelate 
Ugands (FBC2). without the neutral donor Ugand residmg in the coordination sphere of the 
ruthenium atom, as the ruthenium metal has madvertently oxidized from +2 to +3 oxidation 
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State daring the reaction. Sdected pineal pioperties of these rutheDinm conq)le3ces are 
summarized in Table 4* 

To fiirfiier illustrate the feasibility of fins invention, the structure of the complete 
5 [RnCNBDXFBC 1 wherein R = CF3 is confirmed by sin^e crystal X-ray diffraction analysis 
(Figure 2). It consists of an octahedrsd environm^ with oneNBD and two h&c chelate 
ligands. MoreovCT,aURu-OOifte) bond distances are withm a naro 
2,086(2) A, exhibiting no obvious difference betwe« the two dissimilar Ru-O fiagm^ds, the 
first is trans to the C-C double bond of the NBD ligand, while the oflier is trans to the second 
10 Ru-0(hfiic) vector This observation is in contrast to that of the caibonyl complex 

[Ru(CO)2(hfac)2], in which the Ru-O distances trans to the CO ligand (2.075(2) and 2.081(2) 
A) are found to be slightly longer than tiie other two Ru-O distances (2.050(2) ^ 2.052(2) A), 
showmg a thennodjaiandc labilizadon effect imposed by the CO ligands. 

15 Specifically, the molecular structure of the complex: [Ru(NBD)(FBCl)23 with R = 

CF3; selected bond distances: Ru-Ol = 2.083 A, Ru02 = 2.084 A. Ru-03 = 2.077 A, Ru-04 
2.086 A, Ru-Cl = 2.183 A, RurC2 = 2.178 A, Ru-C4 = 2.189 A, Ru-C5 = 2.187 A, 
selected bond angles: 01-R-03 = 167.40°, 03-R-02 = 80.03°. 03-R-04 « 89.90% 03-R-04 
= 89.90% Ol-R-02 « 89.57% 01-R-04 = 82.55°. 

20 

The structure of the second type of precursor corr^lex with formula [RuOE^C2)3] 
whficdnR-CFs and R^« Me, is also determined by X-ray diffraction axialys^ As indicated 
in Figure 3» the complex adopts an octahedral ligand arrangement, and the unsytnmetrical 
bidentate chelate ligands are situated around the ruthenium atom to give the meridional 
25 geometry. This X-ray structure confirms that the asymmetric FBC2 ligand is capable of 

imposing the meridional geometry about the metal center, to the total exclusion of Ae fecial 
isomer that would exhibit a large steric interaction between the R^ substituent of all three 
FBC2 ligands. 

30 Specifically, the structure of the precursor complex with formula [Ru(FBC2)3] with R 

= C2F3 and R* = Me; selected bond distances: Ru-Ol = 2.015 A, Ru-02 = 1.984 A. Ru-03 = 
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2.013 A. Ru-Nl = 2.090 A, Ru-N2 = 2.037 A, Ru-N3 = 2.042 A, selected bond angles: 02- 
Bb-OI = 174.45*', 03-R»-N2 = 173.54", N3-Ru-Nl = 174.00-. 

C. Osmium Precarsoxs 

In yet another aspect of fle invemiion, the osmium CVD precotsots of the general 

formula (Vni): 

[OsLaXCFBC)] (Vffl) 
are obtained; 

wfaetdn L represrats carbon^d li^md; a has a constant value of fluee, X is an anionic 
mottodentate ligand sudi as diloride, bromide, iodide or trifluoroacetat^ FBC ligand is a 
fluorinated bidentate dbsiate li^nd sodi as abeta-dtketonate group (FBCl). Preferred beta- 
diketonate li^nds CFBCl) include: (hfac) = hteafluoroac^acetonate, (tfec) - 
trifluoioacetylacetonate, and (tdhd) = l,l,l-tiifluoro-5,5-dimethyi-2,4-hexanedionate. 

A useful synthetic procedure for this compound involves direct heating of a mixture of 
oaniumhalide salt [Os(CO)3(n-X)]2 and at least two equivalents of the fluorinated chelate 
li^nd (FBC1)H sealed in a Carius tube. The tube is thai heated at ISO'C for 6 hours to 
ensure the completion of reaction. This process is best illustrated by the proposed 
stoidiiometiic transformation, as shown in equation [10]: 

[CMCO)3(MrX)]2 + 2a'BCl)H-^2[Os(m)3X<FBCl)] + H2 [10] 

Due to the lower chonical reactivity of osmium con^imd [Os<CO)30i-X)]2, three 
other fluorinated bidentate chelate ligands (FBQH have feiled to exhibit a similar reaction 
pattern and thus, afforded no isolable product that can serve as the reqviired osmium CVD 
precursor. Moreover, all attempts to generate flie complex of formula [Os(CO)2(FBCl)2] by 
employing a large excess of the (FBCl) ligand have Med, and only afforded the known 
mono-substituted product [Os(CO)3X(FBCl)]. 
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' The product complexes of formula [Os(CX>)3X(FBCl)] are readily characterized using 
mass spectrometiy (MS), nuclear magnetic resonance spectroscopy O^JMR), infrared 
speclioscopy (IR), single crystal X-ray analysis, elemental analysis, and thermal gravimetric 
analysis (TGA). Sdected physical properties of ttie ruttieniam and osmium source reagents 
of the present invMtion are sommarized in Table 5. The structure of the oomplrac 
[Os(CO)3l(FBCl)] where R* = t-butyl is determined by single crystal X-ray dif&action. Its 
ORTEP representation is depicted in Figure 4 to show the octahedral arrangement of ligands. 

Specifically, the ORTEP representation of the conq>lec [08(CO)3l(FBCl)] with R* = 
t-butyl; selected bond distances: Os-Cl = 1.883 A, Os-C2 = 1.911 A. Os-C3 = 1.914 A, Os- 
04 = 2.069 A, Os-05 = 2.092 A, selected bond angles: Os-Il = 2.722 A, Cl-Os-04 = 
175.09°, C2-OS-05 =176.34°, 05-Os-04 = 87.74^C3-Os-Il = 179.68". 



Table 3. Physical properties of the iridium CVD precursors of the present invention 



Entry 


Compound 


M.P. 
(°C) 


sublim. cond. 




% 

Residue^ 


1 


[Ir(COD)(EBC2)]; R = CP^, = Me 


78 


57°C/0.1 torr 


210 


10.0 


2 


[Ir(COD)(FBC2)]; R = CF3. R' = Et 


111 


50*a0.14 torr 


193 


17.3 


3 


[lr(COD)(FBC3)l; R' = Me 


166 


65<»a0.1 torr 


230 


34.5 


4 


Dr(CODXEBC3)3; R' - n-Pr 


117 


43''a0.12 torr 


245 


25.9 


5 


[Ir(COD)(FBC4)]; R' = Me 


127 


57"C/0.15 torr 


213 


12.4 


6 


[lr(CO)2(FBC2)]; R = R' = n-Bu 


141 


45»a4torr 


151 


0.3 


7 


[Ir(CO)2(FBC3)3; R' = n-Pr 


88 


4l*C/0.8torr 


201 


0.9 


8 


[It(CO)2CFBC4)]; R' = Me 


104 


42*X:V3torr 


174 


0.1 



a) The temperature at which 50 wt. % of the sample has been lost during TGA analysis 
(heating rate = IC'C/min and N2 flow rate = 100 cm^/min). 

b) Total weight percent of the sample observed at 500**C during TGA analysis- 

c) Melting-point is greater than decomposition temperature. 
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Table 4. Physical properties of the ruthenium and osmium CVD precursors of the present 
^ invention 



Entry 


CompoTind 


M. Jr. ^ 




* 1/2 

CO 


% 

Residue 


9 


m„/XTQ'r\\/"niil^1\»l 1? — I^PU 


82 


45*C/0.15 


157 


3.0 








torr 






10 


[Ru(COlJ}trlJCJ4j2j» JK. — xi 


288 


ISO^^C/O 25 


288 


19.6 








torr 






11 


rRufCOD'^rEBC4^il. = Et 


198 


90PC/0.25 


229 


15.7 








torr 






12 


rRufEBC2^^1, R = CFa, R^ = Me 


127 


60^00.40 


172 


2.1 








ton 








rRnrFRC2'4-al R = Me-. R^ 5= Me 


196 


60*^0.20 


262 


1.7 
• 








ton 






14 


[Os(CO)3(Cr3C02)(FBCl)], R 


150 


55*C/0.45 


152 


5.0 




= CF3 




ton 






15 


[Os(CO)3(CF3C02)(FBCl)], R 


71 


45^cy0.22 


163 


2.8 




= t-Bti 




ton 






16 


[Os(CO)3Br(HBCl)]. R = t-Bu 


127 


7(rao.25 


165 


23 








ton 






17 


[Os(CO)3l(FBCl)], R = t-Bu 


109 


55<»aai2 


163 


1.2 








ton 







5 D, CVD Experiments 



The above-mentioiied iridium, rathenium and osmium complexes have been found to 
be well suited as precursors for CVD applications because they meet the following criteria: 
(a) they have high v^por pressure at a temperature of below 1 80°C, which is essential to 
10 enable a sufficient amount of the reagent vapor to be transported into the CVD reactor at the 
temperature convenient for CVD processing, in an inert gas or other carrier gas stream, (b) 
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they are thexmally stable below tiie tenq)eratare of about ISO'C, and therefore do not 
decompose in the CVD system, and (c) they can cleanly decompose on substrates to deposit 
the desired con:4>osition vdth little or no incorporation of carbon, nitrogra and fiuoiine 
iaqnirities. 

Based on the physical data summarized in Tables 3 and 4, the CVD precursors 
according to (his invention include the following advantages: 

A. ffigher thermal and oxidative stability m air. 

The noble metal CVD precursors containing at least one CPs substituent can be bandied in air 
at room temperature without showing significant decomposition. 

B. Possibility of serving as a liquid CVD precursor. 

Complexes 1, 7, 9 and 15 which exhibit a relatively lower melting point at below SS^C, can 
be used as a liquid precursor if the resavoir tMi^)erature is kept above its melting point. 

C. Enhanced v^^or pressure under the designated CVD conditions. 

Most of these noble metal CVD precursors can be sublimed without showmg significant 
deconq>osition at around 400 mtorr and at a tem$>eramre hdow 100°C. 

D. Possibility of fine-tunii^ tbdr physical piopearties. 

The relative stability of these ftuorinated chelate complexes is determined by the intrinsic 
b(Midmg characteristics between the metal and the coordinative Ugand. This invaition 
provides four different types of EBC ligands that can form the required noble metal CVD 
precursors. Thus, selection of the best CVD precursors suited to the respective conomerdal 
processes is possible. Moreover, it is well undocstood that, by increasing the numb^ of CF3 
substituent on the FBC ligands, the volatility of the resulting CVD precursors would improve 
substantially. On the other hand, increasing the chain length of the substituoit on the 
nitrogen atom of the FBC ligands would reduce the volatility and decrease the melting point 
of the precursors. 
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EXPERIMENTAL SECTION 

4 

Without intending to limit it in any maimer, Oie present invention will Ije further iUustrated by 
the following examples. 

5 

Example 1. Synthesis of [Ir(COD)(EBC2)2], R = CTa, = Et 

Sodium hydroxide (24 mg, 1.0 mmol) was suspended in 20 mL of THF. To this was 
slowly added 0.15 g of ketoimine ligand HOC(CF3)=CHC(CF3)=NEt (0.64 mmol) in THF 
(20inL). The mixture was stined at room temperature for 40 min. The solution was then 

10 fUtered and the filtrate was transfened into a 100 mL reaction flask containing a suspension 
of [Ir(COD)(M.-CI)]2 (0.2 g, 0.29 mmol) in THF (50 mL). This mixture was stined at room 
temperature for 4 hours, giving a dark-red solution alone with an off-white NaQ precipitate. 
THF was removed under vacuum and the resulting oily residue was taken into 35 mL of 
hexane. The solution was washed with distilled water (2 x 20 mL), and then treated with 

15 drying agent Na2S04, evaporation of hexane and snblimation at 50°C and 140 mtoir to give 
0.23 g of dark red iridium compound Ilr(COD){HOC(CF3)=CHC(CF3)=NEt}] (0.43 rmnol, 
74%). 

Spectral data: MS (EI. ^^^Ir), m/z 535, M". NMR (CDCI3. 333 K): 5 6.03 (s, IH, 
CH), 4.48 (br. 2H, CH(cod>), 3.44 (br. 2H. CH(ood)). 3.39 (br. 2H. CH2). 2.14 - 1.93 (m. 4H, 

20 CH2(cod)). 1.53 (br. 4H, CH2(cod)), L06 (t, 3H. *Jhh = 7Hz. CH3). ''C NMR (CsDs, 333 K): 
8 164.2 (q. IC, VcF = 26 Hz. CO), 164.2 (q. IC. ^/cp= 28 Hz, CM), 120.7 (q. IC, ^7cf = 227 
Hz, CF3). 120.3 (q. IC. 'Jcf = 224 Hz, CF3 ), 91.6 (s. IC. CH). 69.9 (s. 2C, CH(ooi»). 58.1 
(hr. 2C, CH(coD)). 48.8 (s, IC, NCH2), 32.6 (s, 2C, CH2(cod)). 29.3 (s, 2C, CH2(cod)). 20.7 (s. 
IC.CH3). i»F NMR (C6D6,298K): 5 -62.15 (s,3F.OCCF3). "73.07 (s,3F.NCCF3). Anal. 

25 Calcd. for CisHisFeliNO: C, 33.71; H. 339. Found: C. 33.47; H. 3.41. 

Example 2. Synthesis of [Ir(COD)(FBC3)2], R* = Pr. 

The preparation procedures were identical to that of example 1, using 0.2 g of 
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nr(COD)ai-a)l2 (0.29 mmol). 0.17 g of iminoalcohol HO(CF3)2CH2N(Me)=^NPr (0.64 
mmol), 0.1 g of NaOH and 50 mL of THF. For woik-np, tbe reaction mixture was extracted 
with hexane, followed by drying and evaporation of hexane, flie solid residue was tiien 
purified by vacaum sublimation (120 mtoir. 43°C). giving 0.28 g of yolk yellow 

5. lIr(CX>D){0(CF3)2CH2N(Me)=NEt}] (0.50 mmol, 86%). 

Spectral data: MS (EI. '"'ir), m/z 565. M". NMR (CgDs, 298K): 5 4.50 ~ 4.48 (m. 
2H. CH), 3.02 ~ 2.98 (m, 2H, CH), 2.80 (t, 2H, 'Ihh = 8 Hz. NCHi). 2.70 (s, 2H. CH2). 2.23 - 
2.10 (m, 4H, CH2(coD)), 1.51 ~ 1.39 (m. 6H, CH2(cod) & NCH2CH2). 1.27 (s, 3H, CH3). 0.64 
(t, 3H. ^Jhh - 7.2 Hz, NCHa). '^C NMR (CDQa. 298K): 5 176.0 (s, IC. CM), 125.5 (q, 2C, 

10 *JcF = 292 Hz. CF^). 77.1 (m, IC. ^Jcp = 28 Hz. COH). 72.3 (s, 2C. €21). 54.7 (s. IC, NCHa). 
52.6 (s, 2C, CH), 45.6 (s, IC, CH2). 33.2 (s, 2C. CSivpoDi); 30.4 (s. 2C. Oh/fxm), 23.3 (s, 
lC.NCH2CH2).21.9(s. IC, CH2), 11.1 (s, IC, NCH2CH2CH2). ^'FNMR(QiD6. 298K): 5- 
76.15 (s. 6F. CF3). Anal. Calcd. for Ci7H24F6liNO: C. 36.16; H. 4.28. Found: C. 36.17; H. 
4.34. 

15 

Example 3. Syntiiesis of [fr(COD)(FBC4)2), = Me. 

The procedures were identical to tiiat of example I, using 0.2 g of [fr(COD)(p.-CI)32 

(0.29 mmol), 0.14 g of aminoalcohol HO(CF3)2CH2NMe2 (0.64 mmol), 0.1 g of NaOH and 

50 mL of THF. After rwnoval of THF, tiie residue was extracted witii pentane (2 x 20 mL), 
20 and tiie pentane solution was evaporated under vacuum to give 0.25 g of yeUow solid 

ar(COD){0(CF3)2CH2NMe2}] (yield 82%), which was further purified by vacuum 

sublimation at 57°C and 150 mtorr. 

Spectral data: MS (EI, ^^Ir), m/z 525, M". ^H NMR (CdDe. 298K): 8 4.48 ~ 4.45 (m, 

2H. CH(coD)). 2.72 ~ 2.69 (m. 2H. CH<cod)), 2.39 (s. IH, CHa), 2.18 - 2.02 (m, 4H. 
25 CH2(ooD)). 1.80 (s. 6H. CH3), 1.43 ~ 1.37 (m. 4H. CHzaom)- "C NMR (CDCI3. 298K): 5 

124.72 (q, 2C, '/cf = 290 Hz, CF3), 88.87 (m. IC, Vcf = 27 Hz. CO). 67.01 (s, 2C, CH(c»d)). 

65.60 (s, IC. NCH2), 54.10 (s, 2C, CH(ood)). 50.53 (s, 2C, CH3). 32.44 (s, 2C, CH2(cod)). 
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3a34(s, 2C, CH2(C0D))- NMR (CeDej, 298K): 5 -77.34 (s, 6F. Ca^a). Anal. Calcd. for 
Ci4H2oF6KNO: C, 32.06; H, 3.84. Found: Q 31.34; H, 3.96. 

Example 4. Synthesis of [Ir(CO)2(FBC4)2], = Me. 

5 Sodium hydroxide (24 mg, 1.0 mmol) was suspended in 20 mL of THF. To this was 

slowly added 0.14 g of aminoalcohol HO(CF3)2CH2NMe2 (0.64 mmol) in THF (20 mL). The 
mixture was stirred at room tempeiatore for 40 min. The solution was Ihea filtered and the 
filtrate was transfCTied into a 100 mL reaction flask containing a snspraision of [Ir(COD)(|i- 
Cl)]2 (0.2 g, 0.29 mmol) in THF (20 mL). This mixture was furtha stirred at room 

10 temperature for 4 hours, giving a yellowish brown solution alone with an off-white NaCl 
precipitate. The soluticnt was then purged with a slow stream of CO gas for 5 min., during 
which time the color gradually chaiiged from brown to yeUow, indicating conqiletion of the 
CO substitution. The solution was filtered, the filtrate was then concentrated, and the 
resulting oily residue was taken into 35 mL of hexane. Evaporation of hexane and 

15 sublimation at 42°C and 3 torr gave 0.14 g of light-yeUow iridium compound 
(Ir(CO)2{0(CF3)2CH2NMe2}] (O.SOmmol, 51%). 

Spectral data: MS (EI, *'^). m/z 473. M*. *H NMR (CDQa, 298K): 5 3.08 (s, 6H. 
N(CH3)2). 3.04 (s, 2H, CHa). "C NMR (GDQs, 298K): 5 171.8 (s, IC, CO), 169.1 (s, IC, 
CO), 123.6 (q. IC, Vcf = 348 Hz, CF3). 88.3 (m, IC. ^Jcp = 29 Hz, C(CF3)), 63.8 (s, IC, 

20 NCH2), 55.0 (s. 2C. CH3). '^^ NMR (CeDg. 298K): 8 -76.17 (s, 6F, CF3). AnaL Calcd. for 
CsHsFfifrNOs: C, 20.34; H, 1.71. Found: C, 20.43; H, 1.92. 

Example 5. Synthesis of [Ru(NBD)(FBCl)il, R = CF3. 

To a 100 mL reaction flask, was charged 1.0 g of [Ru(NBD)Cl2lx (3.8 mmol), six 
25 equiv. of (hfec)Na (5.23 g, 22.7 mmol) and 60 mL of THF. The mixture was then heated to 
reflux for 20 days, during which time the solution gradually changed firom brown color to red. 
After stoppmg the reaction, the solution was filtored and the filtrate was concentrated to 
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dryness. The resulting soUd residue was purified by sublimation (150 mtorr, 45 ''Q, giving 
1.36 g of Ru(NBD)(hfac)2 as red solid (2.24 nimol, 59%). 

Spectral data: MS (EI, ^*"Ru): m/z 608 (M^. NMR: (400 MHz, CDQa, 298 K): 6 
6.13 (s, 2H, CH), 5.40 (m. 2H, CH(nbd)), 4.84 (m. 2H. CH(nbd)). 4.04 (m, 2H, CH{nbd)). 177 
5 (s, 2H, CH2). NMR: (125.7 MHz. d-acetone, 298 K): 8 175.5 (q, 2C, CCF3. Vcf= 36 
Hz), 175.4 (q. 2C CCF3. Vcf» 36 Hz), 116.3 (q. 2C, CF3. 'Jcb= 285 Hz). 116.0 (q, 2C. CF^ 
'/CF= 284 Hz), 90.6 (s. 2C. CH), 82.3 (s, 2C, CH(nbd)), 79.6 (s, 2C, CHotod)), 62.3 (s, 2C, 
aW)), 51.5 (s, IC. CH2). (470.3 MHz, CDCI3, 298 K): 6 -75.13 (s, 6F, CF3). -75.75 
(s. 6F, CF3). Anal. Calcd. for CnHioFuO^Ru: C, 33.62; H. 1.66. Found: C. 33.82; H, 2.15. 

10 

Example 6. Synthesis of [Ru(COD)(FBC4)2]. R^ = H. 

Sodium hydride (70 mg, 3 mmol) was suspended in 20 mL of THF. To this was 
added dropwise 038 g of the aminoalcohol Ugand HOC(CF3)2CH2NH2 (1 9 mmol) in THF 
(20 DOL). Hie mixture was further stirred for 40 min. until evolution of gas had ceased. The 

15 filtrate was then transferred into a 100 mL reaction flask containing a suspension of 
[Ru(COD)Cl2], (0.15 g. 0.55 mmol) in THF solution (20 mL). This mixture was healed to 
reflux for 48 hours, giving a brown solution alone with an off-white NaQ precipitate. After 
cooling to room temperature, the mixture was filtered and the filtrate was concentrated to 
dryness. The solid residue was purified by column chromatography on silica gel using ethyl 

20 acetate as eluent and the resulting orange soUd was then sublimed under vacuum (250 mtoir. 
150°G), giving 0.23 g of Ught yeUow [Ra(COD){OC(C3^)2CH2NH2)2] (0.38 mmol, 70%). 

Spectral data: MS (EL ^*^Ru): m/z 602 (M*). 'H NMR (300 MHz, d-acetone, 298 K): 
5 5.37 (s, 2H, NH), 5.18 (s, 2H, NH), 3.63 (m, 4H, NCH2), 3.38 (m, 2H, CH(cod)). 3.30 (m. 
2H, CH(pod)), 2.51 (m. 2H, CHjccod)). 2.30 (m. 2H, CH^codj), 2.15 (m. 2H, CH2(cod)), 181 

25 (m, 2H, CH2(ood)). NMR (.125.7 MHz, d-acetone, 298 K): 5 124.9 (q, 2C. CF3, Vcf« 296 
Hz), 124.6 (q, 2C, CF3, Vcf= 292 Hz), 83.2 (m. 2C. C(CF3)2, Vcf= 26 Hz), 79.4 (s, 2C, 
CH(cod)). 76.5 (s. 2C, CH(cod)), 52.2 (s, 2C. NCH2), 30.3 (s, 2C, CH2(coD)). 28.3 (s. 2C. 
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CHaicjD)). (470.3 MHz. acetone-de. 298 K): 6 -76.60 (s, 6F, CJPj). -76.62 (s. 6F. Ca^). 
Anal. Calcd. for Ci6H2oF,2NaQ2Ru: C. 31.95; H, 3-35; N. 4.66. Fbund: C. 32.12; H. 3.80; N, 
4.60. 

5 Example 7. Synthesis of [Ru(COD)(EBC4)23, R' = Et. 

The procedures were identical to that of racample 6, using 0.46 g of [Ru(COD)Cl2]x 
(1.7 mmol), 1.03 g of aminoalcohol ligand HOC(CIij)2CH2NHEt (4.58 mmol) and sUghtly 
excess of sodium hydride. After removal of solvent, the solid residue was then purified by 
column chromatogrj^hy on silica gel using a 2:1 mixture of hexane and CHzQa as eluent and 

10 the resulting orange soUd was sublimed under vacuum (250 mtorr. 90°C), giving 0.85 g of 
orange [Rn(COD){OC(CF3)2CH2NHEt}2] (1.29 mmol, 76%). 

Spectral data: MS (EI. ^<»Ru): m/z 658 (M^. *H NMR (400 MHz, 0X33, 298 K): 6 
4.09 (m. 2H, CH(co0)). 3.69 (m, 2H, CH(cod)). 3.47 (m. 2H. CfliCHa. Vhh= 7.2 Hz), 3.40 
(m, 2H, NCH2). 2.80 (s, 2H, NH). 2.66 (m. 2H, NCH2), 2.53 (m, 2H, C3l2(coD)). 2 20 (m, 2H. 

15 CH2(ooD)), 2.08 (m, 2H. CH2CH3. Vhh = 7.2 Hz). 2.06 (m. 2H, CH2(cod)). 1.81 (m. 2H, 
CHacooD)), 1.17 (t. 6H. CH3. Vhh= 7.2 Hz). '^C NMR (125.7 MHz, GDQs, 298 K): 5 125.4 
(q, 2C. CE^. ^JcF= 293 Hz), 124.1 (q, 2C, CF3. '/cf= 291 Hz), 93.9 (s, 2C, CH(coD)). 85.4 (m, 
2C, aCPih, ^JcP= 27 Hz), 82.2 (s, 2C, CH(cod)). 53.8 (s, 2C, NCH2), 45.9 (s, 2C, CH2CH3), 
30.9 (s. 2C, CH2(coD)). 27.2 (s, 2C. CHjccod)). 13.9 (s, 2C. CH3) (470.3 MHz, CDCh, 298 

20 K): 5 -76.81 (q, 6F, CF3. Vff= 10.8 Hz), -77.50 (q, 6F, CF3, Vef= 10.8 Hz). Anal. Calcd. 
for C20H28F12N2O2RU: C, 36 J3; H, 4.29; N, 4.26. Found: C, 36.42; H, 4.30; N. 4.44. 

Example 8. Synthesis of DRn(FBC2)3], R = CPz^ R^ = Me. 

Sodium hydride (50 mg, 2.08 mmol) was su^raided in 20 mL of THF. To fljis was 
25 added diopwise 0.38 g of the p-ketoimine ligand HOC(CF3)=CHC(CF3)=NMe, (hfim. 1.72 
mmol) in THF (20 mL). The mixture was stirred for 40 min. at room temperature until 
evolution of gas had ceased. The solution was ibeia filtraed to remove the excess NaH, and 
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filtrate was transfeired into a 100 mL reaction flask containing a suspension of 
[Ru(COD)Cl2]x (0.15 g, 0.54 mmol) in THF solution (60 mL). This mixtuie was heated to 
reflux for 48 hours, giving a daric-grerai solution along with an off-white NaCI precipitate. 
After allowing the solution to cool to room ten^erature, die mixtuie was filtered and the 

5 filtrate was concoitrated to diyness. The solid residue was purified by column 
chromatography on silica gel eluting with a 1:3 mixture of CH2Q2 and hexane, giving 0.23 g 
of [Ru(hfim)3l (0.30 mmol, 56%) as green soUd. Further purification was earned out using 
sublimation at 60 "0/400 mtorr, m.p. = 127 "C. 

Selected data: MS (EI, 70eV, L = CeftiFfiNO), observed (actual) [assignment]: 762 

10 (762) [RnU], 541 (541) [DRuUl. 321 (321) [RuL], 220 (220) DL]. AnaL calcd. for 
C18H12F18N3O3RU: C 28.40; H 1.59; N 5.52. Ftound: C 28.75; H 1.79; N, 5.23. 

Example 9. Synthesis of [Ru(HBC2)3], R = Me, R^ = Me. 

The synthetic procedures were essentially identical to that of example 8, using 0.40 g 

15 of [Ru(COD)a2lc (1.45 mmol), 0.84 g of tiie p-ketoimine Ugand 
HOC(CF3)=CHC(Me)=NMe (tfim. 5.02 mmol) and 0.16 g of NaH (6.7 mmol) in 80 mL of 
THF. After stopping the reaction and removal of the solvent, the resulting solid residue was 
purified by column chrtMnatography on silica gel eluting with a 1:1 mixture of CH2C12 and 
hexane, giving 0.51 g of [Ru(tfim)3] (0.85 mmol. 59%) as red soUd. Further purification was 

20 carried out using, sublimation at 60'*Cy200 mtorr, m.p. = 195 °C 

Selected data: MS (EI, 70 ev, L = CeHsFsNO), observed (actual) [assignment]: 600 
(600) [RUL3], 433 (433) [[RuLJ, 265 (267) [RuL], 166 (166) [L]. Anal. Calcd. for 
C18H21F9N3O3RU: C 36.07, H 3.53, N 7.01. Ftound: C 36.11. H 3.90, N, 6.98. 

25 Example 10. Syntiiesis of [Os(CO)3(CF3C02)(FBCl)], R = CF3. 

Finely crushed [Os(CO)3(CISC02)]2 (0.2 g. 0.26 mmol) and p-diketonatg Hgand 
(hfac)H (0.32 g, 1.55 nomoi) in a 18 mL Carius tube were degassed and tiie tobe sealed under 
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vacuum. After heated at 185^C for 6 hours, the tube was then cooled and opened. The 
reaction mixture was extracted witti CH2CI2 to give a yellow-cream solid. Further 
purification by vacuum sublimation gave [Os(CX>)3(CF3C02)(hfac)] as light yeUow soUd 
(0.24 g, 0.40 mmol) yield: 71%. 

5 Spectral data: MS (EI, ''^Os): m/z 483 (M* -- C2Q1F3). IR (C6H12): v (CO), 2142 

(vs), 2066 (vs), 2057 (vs) cm"*. *H NMR (400 MHz, acetone-dfi, 298K): 8 6.76 (s, IH, CH). 
"C NMR (75 MHz. acetone-de, 298K): 8 176.0 (q, IC, Vcp = 38Hz, C(CF3)), 166.8 (IC, 
CO), 164.6 (2C. CO), 161-7 (q, IC, Vcf = 38Hz, C(CF3)). 117.0 (q, 2C, Vcf= 283Hz. CF3). 
115.1(1C, q, '/cP = 283Hz. CE^). 94.4(1C, CH). NMR (470 MHz, acetone-dg, 298K): 6 - 

10 74.(^7 (s. 3F), -74.61 (s. 6F). Anal. Calcd for C10HF9O7OS: C, 20.21; H, 0.17. Found: C, 
20.25; H. 0.25. 

Example 11. Synthesis of [Os(CO)3(CF3C02)(FBCl)]. R = t-Bu. 

Finely crushed [Os(CO)3(CF3C02)]2 (0.5 g, 0.65 mmol) and (tdhd)H ligand (1.1,1- 

15 tiifl.uoio-5,5-dimetliyl-2,4-hexanedione, 0.76 g, 3.87 mmol) in a 18 mL Carius tube were 
degassed and the tube sealed xmdex vacuum. Affcesr heated at 185**C for 6 hours, the tube was 
then cooled and opeaed. The reaction mixture was extracted with CH2CI2 to give a yellow- 
cream solid. Further purification by vacuum sublimation (220 mtorr, 45°C) gave 
[Os(C0)3(CF3C02)(tdhd)] as light yellow soUd (0.59 g, 1.01 mmol) yield: 78%. Single 

20 crystals were grown ftom a 1:1 mixture of CH^Cb and hexane at room temperature: 

Spectral data: MS (EI, '^^Os). m/z 584 (M*). IR (CfiHiz): v (CO). 2132 (vs), 2057 
(vs), 2040 (vs) cm'^ *H NMR (400 MHz, CDCb, 294K5: 6 6.23 (s, IH, CH). 1.19 (s, 9H. 
•Bu). "C NMR (100 MHz, CDCI3, 294K): 8 207.4 (IC, C(CI^)). 169.0 (q, IC, Vcf = 35Hz. 
C(CF3)), 168.2 (IC, CO), 165.6 (IC, CO), 165.1 (IC, CO). 162.3 (q, IC. Vcf = 38Hz. 

25 C(CF3)), 1 17.6 (q, IC, »7cf = 281Hz, CF3), 1 14.7(q, IC, Vcf = 286Hz, CF3), 943 (IC. CH), 
43.4 (IC, CMes), 27.4 (3C, Me). ^'FNMR (470.3 MHz. CDQs, 298K): 8 -74.46 (s. 3F), - 
74.51 (s, 3F). Anal. Calcd for CisHioFeOrOs: C, 26.81; H. 1.73. Fb«nd: C. 26.96; H, 2.19. 
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Example 12. Synthesis of [Os(CO)3Br(FBCl)], R = t-Bu. 

Finely crushed [Os(CO)3(M.-Br)]2 (0.1 g, 0.13 mmol) and (tdhd)H (0.15 g, 0.77 mmol) 

in a 10 QiL Carius tube w«e degassed and the tube sealed undM vacuum. After heated at 
5 185*C for 6 hours, the tobe was then cooled and opened. The reaction mixture was extracted 

with CH2CI2 to ^ve a yellow-cieam solid. Furflier punfication by vacuum sublinaiation (250 

mtoir. 70°Q gave [Os(CO)3Br(tdhd)] as Ught yeUow soUd (0.10 g. 0.19 mmol), yield: 73%. 

Single crystals were grown from a 1:1 mixture of CH2CI2 and hexane at room temperature. 

Spectral data: MS (EL ''^Os), m/z 550 (M*). IR (CeHiz): v (CO). 2123 (s), 2047 (vs). 
10 2030 (vs) cm-^ NMR (400 MHz, CDaa. 294K): 5 6.19 (s. IH. CH), 1.21 (s, 9H, 'Bu). 

^^C NMR (100 MHz, 294K): 5 206.6 (IC, CO), 168.5 (q, IC, Vcf = 34Hz, C(CEJj». 

166.7 (IC. CO). 166.3 (IC, CO). 165.2 (IC, CO). 117.4 (q, IC. Vcf= 283Hz, CF5), 94.9 (IC. 

CH). 43.0 (IC. CMes). 27.5 (3C, Me). ''F NMR (470.3 MHz. CDQa, 298K): 5 -74.75 (s, 

3F). Anal. Calcd for CnHioBrFsOsOs: C, 24.05; H, 1.83. Found: C, 22.84; H, 2.61. 

15 

]^Eamplel3. Synthesis of [Os(CO)3KFBCl)],R = t-Bu. 

Finely crushed [Os(CO)3(M-D]2 (0.1 g, 0.11 mmol) and (tdhd)H (0.13 g, 0.69 mmol) 

in a 10 mL Carius tube were degassed and tibe tube sealed under vacuum. After heated at 

185''C for 6 hours, the tube was then cooled and opened. The reaction mixture was extracted 
20 with CH2CI2 to give a yellow solid. Ptarthrar purification by vacu\un sublimation (120 mtorr, 

55 "C) gave [Os(CO)3l(tdhd)] as Ught yeUow solid (0.10 g, 0.17 mmol), yield: 76%. Single 

crystals were grown ftom a 1:1 mixture of CH2Cla and hexane at room tempMcature. . 

Spectral data: MS (EI, ^'^Os), m/z 598 (M^. IR (CeHij): v (CO). 21 19 (s), 2044 (vs), 

2030 (vs) cm"'. ^H NMR (400 MHz. CDCI3. 294K): 5 6.20 (s, IH. CH), 1.20 (s, 9H, "Bu). 
25 "C NMR (100 MHz, CDCI3, 294K): 5 206.7 (IC, CO). 168.6 (q, IC, Vq. = 33Hz, C(CF3)), 

167.3 (IC, CO), 166.9 (IC. CO), 163.7 (IC, CO). 117.2 (q, IC, Vcp = 272Hz, CF3), 95.6 (IC. 

CH), 42.8 (IC, CMes). 27.5 (3C. Me). "F NMR (470.3 MHz, CDQa, 298K): 6 -74.86 (s. 
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3F).' AnaL Calcd for CuHioFalOsOs: C. 22.16; H. 1.69. Found: C 26.64; H. 2.13. 
Example 14. CVD of the corresponding metal thin-film 

Typically, the iridium, mthenium and osmimn thin-films may be prepared by chemical vapor 
deposition at about SOO-SOO'C and about 400-2000 mtorr in a typical cold-wall reactor. In 
this example, the complexes 2. 4 ~ 8 and 11 ~ 14 were used as the source reagents and the run 
conditions are listed in Tables 5 and 6. Gfovrthof smooth metaUic thin films was realized on 
Si wafer and Pyrex glass substrates. The deposited fflms were found to be highly reflective 
with good adhesion to all substrates. The composition of the films was determined by 
Auger/ESCA analysis. The electrical resistivity of fihns was measured by a four-point probe 

method at room tmtpraature. 
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Tabte 5. Selected CVD parameters for expraments using iridium complexes as source 
' reagents 

and pyiex glass and Si wafer as substrates 



Compoun 
d 


CGpR (seem) 


Tr 
CQ 


Td 
(TO 


(A/mm) 


Contoits (at%) and Resistivity p 
(|i£2-cm) 


2 


O2 (40 scan) 


80 


400 


70 


It, 98%; 0, 2%. p = 10.2. 


4 


O2 (20 seem) 


80 


375 


38 


Ir,99%;0. 1%. p = 8.4. 


5 


O2 (20 seem) 


80 


350 


53 


Ir,98%;0.2%.p = 9.6. 


6 


O2 (20 seem) 


70 


400 


110 


Ir,96%;0,4%. p = 19.3. 


7 


02(20 seem) 


70 


350 


66 


Ir.99%;0,l%.p = 6.8. 


8 


O2 (20 seem) 


70 


400 


68 


Jr, 97%; C. 1%; 0. 2%. p = 13.9. 



Compound number is identical to those of the entry number listed in Tables 3 and 4. 
Abbreviations: CGfr = carri^ gas flow rate, Tr = temperature of precursor reservoir, 
Td = deposition temperature and Rd = deposition rate. 
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Table 6. Selected CVD parametes for experimemts using ruthenium or osmium complexes 
source reagents 

and pyiex glass and Si wafer as substrates 



(Compound 


CGfr 
(seem) 


Ps 

(toir) 


Tr 
CO 


Td 
CQ 


Rd 

(A/min) 


IJOniicIlio xjaUvoj tuiu 

Resistivity p (jiQ-cm) 


9 


Hi (10 
seem) 


2 


55 


450 


30 


Ru, 94.5%; C, 2.5%; u, 
3%. p = 14.1. 


11 


O2/Ar(10 
seem) 


0.25 


110 


425 


14 


Ru, 59%;C,41%.p = 
10.2. 


12 


02/Ar(15 
seem) 


1 


80 


450 


30 


Ru. 94.8%; 0. 5.2%. p = 
10.5. 


12 


02(20 
seem) 


2 


70 


325 


21 


p = ZUl.U. 


13 


O2/Ar(30 
seem) 


0.5 


130 


425 


17 


Ra.98%;C,0.2%;O, 
1.8%. p = 14,5 


13 


02(50 
seem) 


0.5 


130 


425 


114 


p = 151.4 


14 


H2(15 
seem) 


1 


90 


400 


100 


Os, 96%; C, 3%; 0. 1%. 
p = 31.0. 



5 



Compound number is idoitieal to those of the entry number listed in Tables 3 and 4. 
Abbreviations: CGfr - aanec gas flow rate, Ps (torr) = system pressure, Tr = temperature 
precursor reservoir, 

Td = deposition temperature and Rd = deposition rate. 
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What is claimed fe: 

1 . A noble metal orgaxiometallic complex of general formula Q): 
[MLaXbCFBQc] (0 

5 ■ * ' 

wherein M is a noble L is a neutral ligand selected fiom the group consisting of 
carbonjd, alkene, di^e and d^vatives of alkenes and dienes additi<mally containing alkyl or 
fhiorinated eSkyl substituents; X is an anionic li^d ; wherein a is an inte^ of fiom zero (0) 
to three (3), b is an integer of fiom zero (0) to one (1 ) and c is an inte^ of fiom one ( 1) to 
10 three (3); FBC ligand.is a fluorinated bidentate chelate ligand selected firom &e group 

consisting of abeta-diketonate (FBCl), beta-ketoiminate (FBC2), imino-alcoholate (FBC3) 
and amino-alcoholate ^FBC4) having the structural formula indicated below: 
CF3^ ^.js^Jv. CF3s 



20 




(FBCl) (FBC2) 

CF3 



CF3- 



(FBC3) (FBC4) 

wherdn R is a<;;i-C4 alkyl or trifluoromedi^; is a C1-C6 alkyl groiq>» which may be 
IS stibstituted by a C1-C4 alkoxy group» and wh^in FBG4, one of the R' groups may be H , 



2, A compound according to Claim 1, wherein the anionic ligand is chloride* bromide* 
iodide or tifluoroacetate. 



3. A compound according to Claim 2, wherein R is methyl, t-butjd or trifluoromethyL 
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4. A compound according to Claim 3, wherein is methyl, ethyU allyl, n-propyl, i- 
propyU n-biityl, i-butyl or 2-me1hoxyefhyL 

5. A compoxmd according to any of the proceeding Claims, wherein tiie noble metal iff 
5 iridium, ratheniimi or osmium. 

6. A compoimd according to Claim S, wherein the transition metal is iridium* 

7. A compound selected from the group consisting of 

10 

[IrLaCFBC2)] (II), [lrLa(FBC3)] (UT) and [IrLa(FBC4)] (IV) 

wherein L is a neutral ligand selected from the group consisting of carbonyi, alkene, di^e or 
derivatives of alkenes and dienes additionally containing at least one alkyl or fluorinated alkyi 
15 substituen^ a is an integer of one or two, depending on the donor bonding of the selected 

ligand; FBC ligand is a fluorinated bidentate chelate ligand selected from the group consisting 
of beta-ketoiminate,^ imino-alcoholate (FBC3) and amioo-alcoholate ^C4) having the 
structural formula indicated below: 




(FBC2) (FBC3) (FBC4) 

20 whercanRisCl-C4alkylortrifluorometh3d; is Cl-C6allgrl,whidhi may be substituted by 
a C1-C4 alkoxy gtoi^, and Tirfiecem PBC4, one of the R^ gtotqps may be H. 

8. A compound according to Claim 7, wherein R is methyl, t-butyl or ttifliiaromethyL 

25 9, A compound according to Claim 8, wherdn R* is methyl, ethyl, allyl, n-propyl, i- 
propyl, n-butyi, i-butyl or 2-methoxyethyL 
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10. A compound sdected fcom the group consisttiig of 

[RuLa(FBCl)2] (V), [R»Lb(FBC4)2] (VI) and [Ru(FBC2)3l (VII) 

5 wherein L is a neutral ligand selected ftom the gtoup consisfing of a cyclic diene selected 
fiom CX)D and hBD, or derivatives of a cyclic diene additionally containing at least one aDcjd 
or fluoiinated alkyi substiluen^ ais one or zero, depending on Ae (FBCT) ligand selected far 
the reactions; EBC ligand is a fluorinated bid^tate didate ligand selected fix)m the groiq) 
consisting of beta-diketonate (FBCl), beta-ketoiminate (FBC2) and amino-alcoholate 

10 (FBC4) having structural fbimula indicated below: 



wherein R is CI -C4 alkyl, or trifluoromethyl ; is a C1-C6 alkyl group, which may be 
substituted by a C1-C4 alkoxy group, and wherein (FBC4), R^ may be H. 

15 11. A compound acooidingto Claim 10, wherein R is melhyl, t-butyl ortrifluiom^yL 

12. A compound according to Claim 1 1 , wherein R^ is methyl, ethyl, allyl, n-propyl, i- 
propyl, n-butyl, i-butjl or 2-methoxyethyL 

20 13. A compound ofthegenoral formula Vin 
[OsUX(FBC)] (vm) 

herein L represents caibonyl ligand; a has a constant value of three (3), X is an anionic 
25 monodentate ligand ; FBC ligpnd is a fluoiinated Wdentate chelate ligand selected fbom : 
(hfac) = hexafluoroaoetylacetonate, (tfec) = tiifluoroacetylacetonate^ and (tdbd) « 1,1,1- 
trifluoro-S,5-dune£hyl-2,4-hexanedioiiate. 




(FBCl) 



(FBC2) 



(FBC4) 
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14. A compound according to Claim 1 3» wherein X is cbloiid^ bromide, iodide or 
trifliioroacetate. 

S IS. A method for making a noble metal organometalUc comply 

defined in dlaim 1, comprising (a) reacting ike respective FBC Ugand with a suitable metal 
hydride, followed by (b) treatment of the product so formed with a metal halide salt of the 
desired metal* 

10 16. A method according to Claim 15, wherein the metal hydride is sodium liydride. 

17. A method according to Claim 16, wherein the metal halide salt is [Ir(COD)(p*Cl)]2 
wherein COD ^ 1,5-cycloootadiene; [Os(CO)3(|i-X)]2 whereiQ X = CF3CO2, CI, Br or I; 
[Ru(CO)Cl2]x wherein COD = l,5^clooctadiene; and [Ru(NBD)Cl2]x, wherein NBD = 2,5- 

15 norfooroadiene* 

1 8. The use of a noble metal organometallic complex of the general formula 
MLaXb(FBC)o (0 as defined in Claim 1, as a source reagent for chemical vapor 
depQsition(CVD) applications. 

20 

19. The use according to Claim 18, wherein the noble metal complex of formula I is 
diar^d into a source reservoir of a CVD reactCHr to dqK>sit the noble metal-containing thin- 
film on a substrate assembly. 

25 20. A method for the chemical vapor deposition of a thin film of a noble metal on a 
substrate, wherein the thin fihn is formed on the substrate by depositing a compound of 
formula I under an inert atmosphere such as N2, He or Ai^ or in the presence of redudng 
carrier such as H2. 

30 21 . A method according to Claim 20, whardn the noble metal is iridiinn, ruthenium or 
osmium. 
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22. A method according to Claim 22, and wherein the noble metal thin film is converted 
to aL02> RuQ2 or OsOz thin film. 
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